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ABSTRACT 

Using wide baseline broad-band photometry, we analyse the stellar population 
properties of a sample of 72 galaxies, spanning a wide range of stellar masses and 
morphological types, in the nearby spiral-rich and dynamically young galaxy cluster 
Abell 1367. The sample galaxies are distributed from the cluster centre out to approx- 
imately half the cluster Abell radius. The optical/near- infrared colours are compared 
with simple stellar population synthesis models from which the luminosity-weighted 
stellar population ages and metallicities are determined. The locus of the colours 
of elliptical galaxies traces a sequence of varying metallicity at a narrow range of 
luminosity- weighted stellar ages. Lenticular galaxies in the red sequence, however, ex- 
hibit a substantial spread of luminosity-weighted stellar metallicities and ages. For red 
sequence lenticular galaxies and blue cloud galaxies, low mass galaxies tend to be on 
average dominated by stellar populations of younger luminosity-weighted ages. Sample 
galaxies exhibit a strong correlation between integrated stellar mass and luminosity- 
weighted stellar metallicity. Galaxies with signs of morphological disturbance and 
ongoing star formation activity, tend to be underabundant with respect to passive 
galaxies in the red sequence of comparable stellar masses. We argue that this could 
be due to tidally-driven gas flows toward the star-forming regions, carrying less en- 
riched gas and diluting the pre-existing gas to produce younger stellar populations 
with lower metallicities than would be obtained prior to the interaction. Finally, we 
find no statistically significant evidence for changes in the luminosity-weighted ages 
and metallicities for either red sequence or blue cloud galaxies, at fixed stellar mass, 
with location within the cluster. 
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1 INTRODUCTION 

Clusters of galaxies are unique laboratories for studying 
the impact of the environment on galaxy properties. A 
large body of observational evidence has been collected over 
decades testifying that the properties and evolution of galax- 
ies are strongly linked to their environment. The populations 
of galaxies in c lusters tend to have spheroid-domina ted mor- 
phologies fe.g. lDressler I IT980 : Dre ssier et al. 111997m with lit- 
tle or no ongoing star formation (e.g. Butcher fc Oemler I 
ll984l : lLewis et al. 1120021 ). in striking contrast with the prop- 
erties of the dominant galaxy population in the field. What 
is unknown, however, is which dominant mechanisms cause 
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this dichotomy, and in what kind of environments they 
mainly operate. 

The hierarchical formation scenario predicts that galaxy 
clusters are formed by accretion of buildin g blocks of smaller 
mass at the nodes of l arge-scale filaments (|West et al. 1991; 
iKatz fc White! 1 19931 ). The spiral-rich cluster Abell 1367 
(z ~ 0.0216) lies at the intersection of two filaments in 
the Great Wall. The complex dynamical state of the cluster 
points towards th e presence of multipl e substructures falling 
into the core (e.g. lCortese et aL~ll2004l ) suggesting a compar- 
atively recent formation of the cluster. These substructures 
contain a higher fraction of star forming galaxies than the 
cluster core, as expected during a merger event. This galaxy 
cluster is a rather unusual example of local, rich, dynam- 
ically young clusters since, in addition to massive evolved 
substructures, it is also experiencing the merging of a com- 
pact group directly falling into its core as revealed by deep 
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narrow-band imaging, representing the region with the high- 
est density o f star forming systems ever observed in the lo- 
cal Universe ijSakai et al. II2OO2I : ICortese et al. 1120041 ). X-ray 
observations of Abell 1367 show multiple clumps, extended 
gas featu res and a strong localised shock in the intra-c luster 
medium ()Grebenev et al. Hl995l : lDonnellv et al. II1998T ). that 
could be associated with a merging component in the process 
of penetrating the cluster. More recent X-ray data indicate 
the presence of cool g as streaming into the cluster core (e.g. 
ISun fc Murray! I2002T I. supporting a multiple merger sce- 
nario. Optical and radio observations also suggest that this 
cluster is currently experie ncing group infall into its centre 
l|Gavazzi et al. Il200ll . 120031 ). The cluster has a high fraction 
of blue star-forming galaxies, which are more likely to ap- 
pear disturbed and show evidence of tidal inter action driven 
star formation than similar galaxie s in the field (iMoss et al. I 
ll99Sl ; lMoss fc Whittle Il2000l . 120051 ) . In addition, galaxies ex- 
hibit t he effects of ram-pres sure of the inter-galactic medium 
(IGM; iGavazzi et aJ~ll200lh . 

The ages and the chemical properties of the stellar con- 
tents of galaxies are direct tracers of their star formation 
and chemical enrichment histories. Determining the prop- 
erties of the current stellar population in galaxies allows 
the possibility of constraining the formation histories. Clues 
to the properties of the stellar content, i.e., ages, metal- 
licities, and abundance ratios, of unresolved objects may be 
inferred from their integrated energy distribution. The prob- 
lem is complicated, however, as the energy distributions of 
integrated stellar populations respond to variations of dif- 
ferent parameters in degenerate ways. The most k nown of 
those is the so-cal l ed age-metallicit y degeneracy fe.g. lFaber I 
1 19731 ; iRose Ill985l : I Worthev I Il99l ) . whereby optical broad- 
band colours and most absorption line strengths respond 
similarly to changes in age and metallicity. Major improve- 
ment was_bjx)U|dit_by thei introduction of the Lick/IDS sys- 
tem l|Burstein et al. II1984T) and its extens ion to high-order 
Balmer lines ( Worthev fc Ottoviani |[l997l ). which popular- 
ized the measurement of absorption line strengths in the 
spectra of galaxies. The development of models to predict 
the strengths of absorption indices as a function of stellar 
popu l ation paramete r s (e.g. Worthev ] 1994 1_ Bressan et al. I 
1 1994 IVazdekis lli"999l ; IThomas et al. 1120031 ; (schiavon II2007T ) 
has shown that metallic lines and Balmer lines show differ- 
ent sensitivities to ages and metallicities, thus allowing the 
age-metallicity degeneracy to be broken. 

A complementary approach to derive constraints 
on stellar population ages and met allicities is the use 
of optical/near- infrared colours (e.g. Ijames et al. I 120061 ; 
iLee et al"~ll2007l ). A number of observational studies high- 
light the potential of the combination of optical and near- 
infrared (hereafter near-IR) integrated colours for breaking 
the age-metallicity degeneracy for both globular cluster s 
(e.g. iPuzia et al.t |2002| ; iHempel fc Kissler-Patingl l2004h . 
and stella r systems with com p lex star formation histo- 
ries (e.g. iPeietier et al. I Il99d; iPeletier fc Balcellsl Il996l; 



colours given their luminosity-weighted ages and metallici- 
ties available in the literature. The mean ages derived from 
the integrated colours of two Local Group dwarf galaxies 
are consistent with the star formation histories inferred from 
their resolved stellar populations. 

A number of studies have compared properties 
of galaxies in clusters and in the field to constrain 
the environmen t al effects on galaxy properties (e.g. 
Rose et al. Ill994l; iTerlevich fc Forbes"ll2002l ; rThomas et atl 



20051 ; ISanchez-Blazquez et al. 2006). A complementary ap- 



) have used the suite of models used in the present 
to investigate the extent to which the stellar popu- 
parameters derived from broad-band optical/near-IR 
with other constraints derived independently. They 
that the colours of the Large Magellanic Cloud and 

globular clusters are consistent with their predicted 



proach to investigate the environmental processes is to com- 
pare the properti es of galaxies at different radii from the 
cluster centre (e.g. iGuzman et al. II 19921 ; ICarter et al. 1 120021 ; 
ISmith et al. 112009 . 2008). In hierarchical clustering simula- 
tions, the average accretion epoch of subhaloes in cluster- 
sized parent haloes appears to be correlated with th eir fi- 
nal radius from the cluster centre dGao et al. 1 12004). Gao 
and his collaborators have found that galaxies within 20 per 
cent of the virial radius at the present epoch were accreted 
~ 8 Gyr ago, while those at the virial radius entered the 
cluster only ~ 4 Gyr ago. Independently of the precise na- 
ture of physical mechanism(s) that suppress star formation 
in the cluster environment and the timescales involved, the 
gradual accretion of galaxies into the cluster would likely 
lead into cluster-centric gradients in the stellar population 
properties is expected. 

In the present paper, we will examine the properties of 
galaxies in the nearby cluster Abell 1367 by determining the 
luminosity-weighted ages and metallicities of the dominant 
stellar populations of Abell 1367 galaxies, and the cluster- 
centric gradient of galaxy properties. The layout of the paper 
is as follows. In section[2] we first describe briefly the data set 
employed and the selection of the sample of the cluster mem- 
bers, while in section[3]we present the relationships between 
the stellar mass and luminosity-weighted stellar population 
properties of our sample, and determine the radial trends 
followed by the properties of the cluster galaxies. Finally, 
our principal conclusions are represented in section [5] 



2 DATA AND SAMPLE SELECTION 

The observations, the data reduction techniques applied to 
the multi- wavelength data set used in the present paper and 
the selection of the final galaxy sample will be described else- 
where. We therefore only briefly summarize this information 
here. 

Our photometric and spectroscopic observations of the 
Abell 1367 cluster were taken from a number of facilities. 
UBR broad-band imaging and narrow-band imaging obser- 
vations over three pointings of the Wide Field Camera on the 
INT, i.e., 34 x 90 arcminute square, were obtained. The ex- 
posure times on U-band and B-band filters were 3 x 300 and 

3 x 150 seconds respectively. The R-band images were taken 
with an exposure time of 300 seconds, whereas the narrow- 
band [SII] filter images were obtained for 3 x 400 seconds. 
This narrow-band filter was used as it samples the Ha emis- 
sion at the distance of Abell 1367. The narrow-band filter 
used includes both Ha and the adjacent [NIIJA6548, 6583 
emission lines. For the rest of the paper, we will refer to 
this only as Ha. J and K broad-band imaging data were 
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obtained using the Wide Field Camera on UKIRT, covering 
0.75 square degrees, centered on the cluster centre. 

All photometric data were reduced by the Cambridge 
Astronomical Survey Unit, with standard pipelines for 
INT/WFC and UKIRT / WFC AM imaging data. As there 
are not many standard stars for zero-point calibration in 
the observed fields, we have used published galaxy pho- 
tometry as photometric standards. Magnitudes quoted in 
specific apertures were preferred for this calibration. The 
zero-points in INT/WFC U- band and B-b and photometry 
used apertures sizes given in iButa I (1 19961 ) . The zero-point 
for the R-band phot ometry was calibrated usi n g the pho- 
tometric data from Ide Vaucouleurs fc Longo I jl998h and 
iTavlor et al~l (|2005l) . Near-IR imaging data were calibrated 
using the Two Micron All Sky Survey photometry. Photom- 
etry was corrected for foreground Galactic e xtinction using 
the reddening maps of ISchlegel et al. I (1199a ). We have not 
attempted to correct the photo metry for int e rnal e xtinction. 
K-correction, as determined by IPoggianti I l|l997h . was ap- 
plied for all images in all filters. The INT/WFC B-band 
images were used to visually classify the morphologies of 
the galaxies in our sample. Signs of disturbance were de- 
fined for the sample galaxies that have clear structures, but 
show i.e. asymmetries, bridges/tails, broken spiral arms, or 
merger-like morphologies. 

To select a sample of likely members of the cluster, 
we have proceeded as follows. The sample selection started 
from Ha detections within the central area of the cluster. 
86 emission line objects with signal-to-noise larger than five 
are detected. In order to remove the contamination from 
foreground stars, objects with full width half maximum 
smaller than seven pixels, i.e., 5cr above the stellar mean, 
were excluded. The emission line sample was used to esti- 
mate the B-band magnitude limit of galaxies for which Ha 
emission could be detected. Objects in this sample are all 
brighter than B=21 magnitude in B-band. This magnitude 
was adopted as the faint limit of our sample. These criteria 
were applied to all extended objects 

In order to minimise the contamination from back- 
ground objects, the surface number densities of galaxies were 
used to estimate the cluster radius and the probable fraction 
of cluster members. The surface number density of objects 
brighter than 21 and full width half maximum smaller than 
seven pixels, is found to drop around half of the Abell radius 
of the cluster, and these objects are distributed uniformly 
beyond this radius. Bright objects appear in higher propor- 
tion within this radius. We have then decided to consider 
only galaxies within half of the Abell radius. Then the se- 
lection of galaxies was limited by a diameter criterion to 
optimise the selection of true cluster members. The final 
selected sample of cluster galaxy candidates comprised 304 
galaxies. For these galaxies, isophotal 7?24 apertures were 
determined to measure UBRJK magnitudes and Ha fluxes. 

To determine the cluster membership for galaxies in the 
photometrically selected sample, spectroscopic observations 
from the WYFFOS fibre-fed spectrograph on the William 
Herschel Telescope were obtained to determine their red- 
shifts. The total area covered by WYFFOS/ WHT observa- 
tions covers approximately the same field as the INT/WFC 
imaging observations, with exposure times of 4 x 1800 sec- 
onds for four pointings and 3 x 600 seconds for one point- 
ing. The grating used gives a spectral dispersion of approxi- 



mately 3 A pixel 1 , with a total coverage of 3000 A, centred 

o 

on 6000 A, covering a number of absorption and emission 
lines. The observations targeted preferentially faint, blue, 
and small angular size galaxies in the photometrically se- 
lected sample. The faintest object has a total B-band magni- 
tude of 22, and most of the targeted objects are brighter than 
21.5 in R-band. The spectroscopic data were reduced using 
the WYFRED package, a special pipeline for the reduction 
of multifibre spectroscopy obtained by WHT/WYFFOS. 
Bias-substracted, median-combined science frames for each 
pointing, and arcs and sky images used as input for the 
WYFRED package. The redshifts measured from several 
lines were averaged for each galaxy. Among the 304 galax- 
ies selected from broad-band photometry data, 128 galax- 
ies have measured redshifts. 72 among them are associated 
with the Abell 1367 cluster, whereas 56 are background ob- 
jects. The new cluster members have velocities within 2.5 
times the velocity dispersi on from the avera g e velo city of the 
cluster as determined by IStruble fc Roodl (1 19991 ) . Most of 
galaxies with spectroscopically determined membership lie 
within approximately half of the Abell radius of the cluster. 
The B-band magnitudes of the cluster members range from 
16 to 20, with all galaxies brighter than 16 magnitudes in the 
photometrically selected sample being cluster members. The 
fraction of cluster members to the known redshift galaxies 
decreases dramatically from ~ 80% for galaxies with B-band 
magnitude ranging from 16 to 17, to 10% for galaxies with 
magnitude between 19 and 20. 

The observed properties of the final sample of Abell 
1367 used in the rest of the paper are given in the first five 
columns of Table [1] giving the galaxy name (column 1), the 
morphological type (column 2), the presence of morpholog- 
ical disturbance (column 3; y: yes, n: no), and optical/near- 
IR colours (column 4 and 5). 



3 STELLAR POPULATION PROPERTIES OF 
ABELL 1367 GALAXIES 

3.1 Colour-magnitude and colour-colour diagrams 

Figures [T] and show the distribution of the galaxies in 
our sample in four optical/near-IR colour-magnitude dia- 
grams. The galaxies in both figures are coded on the ba- 
sis of their morphological type, equivalent width of the 
Ha emission line and the presence of morphological distur- 
bance. These illustrate the wide range in luminosity cov- 
ered in our analysis, nearly six magnitudes, with galaxies 
with different properties spread across this range, except 
the brightest two galaxies which are ellipticals. The colour- 
magnitude diagrams of our sample galaxies show the normal 
bimodal structure, in Abell 1367 the blue sequence of late- 
type galaxies is clearl y visible, in agreement w ith previous 
studies of this cluster l|Godwin fc Peachll 19821 ). but in con- 
trast to the colour- magnitude d iagrams o f more relaxed clus- 
ters such as Com a Terlevich et al. I (e.g. l200ll ). Specifically 
iTerlevich et al. I (|200ll ) find that most spiral, irregular, and 
unclassified galaxies in their Coma sample lie on the same 
(U-V) colour-magnitude relation as the early-type galaxies, 
with a small fraction populating the blue sequence. In con- 
trast, for our Abell 1367 sample, only two of the 17 galaxies 
with late- type morphologies have colours consistent with the 
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Figure 1. Colour-magnitude relations for our sample with galax- 
ies separated by morphological type. 



Figure 2. Similar to figure [T] but galaxies are separated by Ha 
emission line equivalent width and the presence of signs of dis- 
turbance. 



red sequence, one of which has an Ha emission line equiv- 

o 

alent width larger than 10 A. The bimodality is less clear 
in the near-IR colour-magnitude diagrams as the near-IR is 
less sensitive to recent and ongoing star formation. 

Interestingly, a number of lenticular galaxies in our sam- 
ple show Ha emission and blue optical/near-IR colours, and 
exhibit signs of morphological disturbance, belonging thus 
to the blue cloud. 

Figure [3] shows the distribution of our sample of Abell 
1367 galaxies in the (B-K) vs. (J-K) colour-colour diagram, 
separated by morphological type (upper left panel), inte- 
grated stellar mass (upper right panel), equivalent width 
of Ha emission and signs of the presence of morphologi- 
cal disturbance (lower left panel), and cluster-centric radial 
distance (lower right panel). In order to convert the photo- 
metric information into constraints on the underlying ages 
and metallicities of the stellar populations, the optical/near- 
IR photometry must be compared with predictions of stel- 
lar population synthesis models. In the simplest version of 
such models, commonly termed simple stellar populations, 
all stars are assumed to originate from a single star forma- 
tion event and thus to have identical chemical compositions 
and ages. Theoreti cal predictions for such ste llar populations 
from the models of lPietrinferni et al. I (|2004i ) are ov erplotted 
on Fig . [3] The grid of models is built assuming a iKroupal 
l|200ll ) initial mass function, and solar a-to-iron ratio. The 
models span a wide range of ages, i.e., 0.5, 1., 3., 5, 10 and 14 
Gyr, and initial metallicities, i.e., [Fe/H]=-2.27, -1.27, -0.66, 
and 0.06. Models of constant age are the solid lines, while 
models of constant metallicity are dotted lines. As clearly 
shown in the figure, the combination of optical and near-IR 
colours is able to disentangle the effects of age and metallic- 
ity. A comparison of the model grid and the observed colours 
of our sample shows good agreement between the regions of 



the colour-colour plane populated by the observations and 
those where galaxies are expected to lie on the basis of the 
stellar population synthesis models. By interpolating from 
the position on the optical/near-IR colour-colour diagram, 
it is possible to derive the ages, metallicities of the dominant 
stellar populations, and their associated errors. 

By comparing the location of the sample galaxies in 
the colour-colour diagram to predicted colours, a number of 
features emerge. The dominant feature in the colour-colour 
diagram is a tight locus of points in the grid region cor- 
responding to the oldest and most metal rich stellar pop- 
ulation models. These galaxies are typically the brightest 
elliptical and lenticular galaxies in the cluster. Their locus 
traces what appears to be a metallicity sequence, spanning 
a range of more than one dex in metallicity at a narrow 
age range, i.e., ~ 13 Gyr (although the uncertainties in the 
metallicities and the relative calibration of the colours and 
grids means that one has to view the ages as defined on a 
relative, rather than an absolute scale). There is a tendency 
for these red sequence galaxies to lie above the grid, with 
rather redder (B-K) colours than predicted by the models 
even for the oldest ages. One possible explanation for this is 
the effect of atomic diffusion in stellar interiors. Such grav- 
itational settling of helium and he avier elements h as been 
demonstrated to occur in the Sun (jGuenther II1994T ) but its 
occurrence in old stellar populations such as globular clus - 
ters is uncertain (jGratton et al. Il200ll ; iKorn et al. Il2006t ). 
As a result, this effect is not included in the BaSTI models. 
If it were to be included, the model grid would extend to 
redder (B-K) colours for old stellar populations. 

In contrast with the elliptical galaxies, for which the 
low mass objects appear to extend the metallicity sequence 
defined by the brighter ellipticals to low stellar metallicities, 
the optical/near-IR colours of less massive lenticular galaxies 



The Galaxy Population of Abell 1367: The Stellar Mass-Metallicity Relation 5 



show a different colour-colour relationship, consistent with 
the appearance of a population of lenticular galaxies with 
young luminosity- weighted mean ages and low stellar metal- 
licities. 

Another prominent feature in the colour-colour diagram 
is the presence of a population of galaxies with optical/near- 
IR colours consistent with those of synthetic stellar popula- 
tions of young ages and low metallicities. None of the ellip- 
ticals belongs to this group of galaxies. All members of this 
population belong to the blue cloud as defined in the colour- 
magnitude diagrams (Fig. [1] and Fig. [2|. All are disturbed 
morphologically with ongoing star formation activity. Their 
stellar masses can be as high as those of galaxies in the 
tight metallicity sequence populated by old and passive red 
sequence galaxies, and extend down to lower masses. 

A small number of galaxies in our sample show very red 
(J-K) colours, and lie well outside the grid of models. One of 
them is UGC 6697, a well studied syst em of what appears t o 
be a merger of two edge-on galaxies (|Gavazzi et al. ifeoOll ). 
accompanied by a vigorous star forming event with Ha emis- 

o 

sion equivalent width of 94 A. The geometry of the system 
suggests that the photometry could be severely affected by 
internal reddening. The second object is G1143498+195835, 
a low mass lenticular, which lies close to UGC 6697, with a 
projected distance of ~ 7 kpc. Despite the o ngoing ram pres- 
sure gas stripping l|Boselli fc Gavazzi~ll2006h . there is appar- 
ently still a sufficient gas reservoir in this galaxy to sustain 
a star formation event, with a measured Ha emission line 

o 

equivalent width of 31 A. The third object is UGC 6702, a 
bright spiral galaxy with circumnuclear star formation, and 

o 

Ha equivalent width of 32 A. For the last two objects, the 
red (J-K) colour and the intermediate (B-K) colour could 
be interpreted as a possible signature of the presence of a 
sizeable population of red intermediate mass carbon stars. 
Additional near-IR spectroscopy could help understanding 
the optical/near-IR photometric properties of these objects. 

3.2 Single metallicity vs. multi-metallicity 
synthesis models 

Galaxies are known to have experienced complex chemical 
evolution and star formation histories. To check if our choice 
of comparing galaxy colours to a grid of single age and sin- 
gle metallicity stellar population models is biasing our re- 
sults, we compare the optical/near-IR colours of the sam- 
ple galaxies to a grid of models based on the chemical evo- 
lution scenario recently presented in ISchombert fc Rakos I 
This model assumes that galaxies are a sum of 
single stellar populations of metallicities following the in- 
fall scenario tuned to match the shape of the metallicity 
distribution functions of the Milky Way and NGC 5128. 
The metallicity distribution is allowed then to slide in the 
peak metallicity to produce a range of total metallicities per 
galaxy age. Each model produces a metallicity value based 
on t he luminosity weighted ave rage of each metallicity bin 
(see ISchombert fc Rakosll2009al . for a full description of the 
chemical evolution scenario). 

The upper panels of Fig. [4] show the comparison be- 
tw een a grid of stellar popula tion synthesis models based 
on lSchombert fe Rakos I |2009al ) chemical evolution scenario 
and the distribution of optical/near-IR colours of our sample 



galaxies. Galaxies are separated by stellar mass and equiv- 
alent width of Ha emission (upper left panel), and mor- 
phological type (upper right panel). The overall features 
emerging from the comparison between the observed galaxy 
colours and the predicted grid are comparable to those no- 
ticed when the former were compared to the grid of simple 
stellar population models. The sequence of early-type galax- 
ies, the population of intermediate age lenticular galaxies, 
and the population of (generally low mass) galaxies domi- 
nated by young stellar population are seen again. A careful 
comparison indicates, however, that differences exist. At a 
given age and metallicity, the multi-metallicity models tend 
to predict bluer colours than their equivalent BASTI models. 
This is due to the inclusion of a metal-poor tail that con- 
tribute more to colour than mean metallicity. The colours of 
the sample galaxies are then matched by models of higher 
metallicities and younger ages than when compared to pre- 
dictions of single stellar population models. 

The lower panels of Fig. [4] show comparisons between 
the ages (lower left panel) and metallicities (lower right 
panel) of the sample galaxies derived by using the BASTI 
models and multi-metallicity models respectively. As sus- 
pected, the ages derived using the BASTI models are much 
older than those derived using the multi-metallicity models. 
When the latter models are considered, more than half of 
quiescent elliptical galaxies in the sample are predicted to 
be dominated by stars of young to intermediate ages, i.e., 2- 
5 Gyr. This is surprising as th e chemical evolution scenario of 
ISchombert fc Rakos I (|2009al ) was introduced to support the 
case that early-t ype galaxies on the red seque nce are system- 
atically old (see ISchombert fc Rakosll2009al . for a detailed 
discussion) . 

Multi-metallicity stellar population models are found to 
over-estimate galaxy metallicities by a factor of about three 
compared to those derived using the BASTI models, over 
the entire metallicity range covered by passive galaxies in 
the sample. This is expected as the young ages found for 
elliptical galaxies using those models require solar to super- 
solar metallicities to explain their colours. Differences in esti- 
mated metallicities for galaxies with ongoing star formation 
activity are even larger, up to about 1 dex at the metal-poor 
end of the metallicity range covered by the sample galaxies. 
This is due to the combined contribution of bright and blue 
young stars that dominated the light of those objects, and 
to the presence of blue stars populating the metal-poor tail 
of the metallicity distribution. 

Despite those differences in the predicted ages and 
metallicities, the overall features of the distribution of the 
sample galaxies in the diagnostic diagrams discussed below 
are, however, reassuringly similar. As stellar population pa- 
rameters derived by comparing galaxy colours to single stel- 
lar population synthesis models s have a straightforward in- 
terpretation, and due to the uncomfortably young ages of 
galaxies estimated when using the multi-metallicity models, 
we have decided to use the ages and metallicities derived 
using the BASTI models for the rest of the paper. 

As galaxies contain mixed stellar populations in term of 
their ages and metallicities, the estimated stellar population 
properties by comparing their broad-band colours to those 
of synthetic single stellar populations will be luminosity- 
weighted mean values. Integrated galaxy stellar masses are 
estimated using the mass-to-light ratio vs. colour calibra- 
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Figure 3. Optical/near- IR colour-colour diagrams for the sample of galaxies studied in the present paper separated by morphological 
type (the upper-left panel), stellar mass (the upper-right panel), equivalent width of Ha emission and the presence of morphologica l 
disturbance (the lower-left panel), and cluster-centric distance (the lower-right panel). Overplotted are the IPietrinferni et al. I (2004) 
stellar population models for a simple stellar population. Solid and dashed lines connect models of constant mctallicities and ages, 
respectively. 



tion of iBell fc de Jongl l|200ll ). These authors have argued 
that the stellar masses derived from their relation are robust 
against the effect of dust provided the dust vectors are par- 
allel to the relation. The reason is that the under-estimate 
of stellar mass arising from the attenuation in luminosity 
will be compensated by the overproduction of stellar mass 
arising from the reddening in colour, therefore yielding com- 
parable final stellar masses. This balance might apply for 
face-on systems, but could not be the case for highly inclined 
systems as the latter show a systematically higher ratio of 
attenuation to reddening. The overall consequence is that 
stellar masses could be under-estim ated for a randomly ori - 
ented distribution by the use of the IBell fc de Jongl (|200ll ) 



colour vs. mass-to- l i ght r atio if dust is not taken into ac- 
count. [Drive^etjdT] l|2007l ) have explored this in detail, and 
concluded that while the masses are modified somewhat the 
final stellar mass breakdown is not dramatically altered. The 
last three columns of Table Q] give the integrated stellar 
masses, the luminosity-weighted ages, and the luminosity- 
weighted metallicities for our sample of Abell 1367 galaxies. 



3.3 Stellar mass-metallicity relation 

Figure [S] shows the relationship between the luminosity- 
weighted age and the integrated stellar mass for our sam- 
ple of Abell 1367 members. Galaxies are separated by mor- 
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Figure 4. Comparison between derived stellar population properties of the sample g alaxies using respectively a g rid of simple stellar 
population models and a grid of models based on the chemical evolution scenario of lSchombert fc Rakosl ll2009a|V_ The upper panels 
show th e optical/near-IR colour-colour diagrams for the sample galaxies compared to the grid of models based on lSchomhert fc Rakos I 
(2009a) chemical evolution scenario. Galaxies are separated by stellar masses (the left panel), with filled symbols showing galaxies with 

o 

equivalent width of Ha larger than 10 A, and morphological type (the right panel). The lower panels show comparisons between the 
derived ages (left panel) and metallicities (lower panel) of the stellar populations of the sample galaxies. Filled symbols show galaxies 

o 

with equivalent width of Ha larger than 10 A. The solid line shows the relation [Fe/H]gRog = [Fe/H]BASTl + 0.5. 



phological type in the upper left panel, equivalent width of 
Ha emission line and the presence of signs of morpholog- 
ical disturbance in the upper right panel, and the cluster- 
centric distance normalized to the cluster Abell radius in the 
lower panel. As suspected from the distribution of galax- 
ies in the optical/near-IR colour-colour diagram, elliptical 
galaxies show uniformly old ages across a factor of more 
than 100 in integrated stellar mass. Out of the sub-sample 
of ellipticals, two objects stand out as their stellar contents 
appear to be dominated by populations of much younger 
luminosity-weighted ages, i.e., ~ 5 Gyr. The population of 



lenticular galaxies exhibits however a much clearer age vs. 
stellar mass relationship, extending from ages typical of old 
elliptical galaxies to young ages typical of those of late-type 
galaxies with young luminosity-weighted ages. Galaxies in 
the blue cloud, which are presently actively forming stars, 
show all young luminosity-weighted ages. The bulk of those 
galaxies are located at cluster-centric distances larger than 
20 per cent of the Abell radius of the cluster. 

Fig. HJ] shows the relationship between the luminosity- 
weighed metallicity and the integrated stellar mass for our 
sample of Abell 1367 members. Galaxies are separated by 
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morphological type (upper left panel), equivalent width of 
Ha emission line and the presence of signs of morphologi- 
cal disturbance (upper right panel), luminosity- weighted age 
(lower left panel), and the cluster-centric distance normal- 
ized to the Abell radius of the cluster (lower right panel). 
A clear trend between luminosity-weighted metallicity and 
stellar mass is app arent, in agreement w ith previous results 
for bot h field (e.g. iGallazzi et al. 1120051) and cluster galax- 
ies (e.g iNelan et al. 1120051 ). The luminosity- weighted stel- 
lar metallicity of Abell 1367 galaxies increases with stellar 
mass, from roughly 10 per cent of solar for galaxies with 
stellar masses below 10 9 Mq to about 2.5 times solar for 
those with stellar masses ~ 10 Mq. The scatter is clearly 
greater than the observational uncertainties, suggesting that 
the stellar mass is not the sole parameter that shapes the 
chemical histories of galaxies. For galaxies in the red se- 
quence, neither age nor morphological type seem to be a 
factor in the relationship between integrated stellar mass 
and luminosity-weighted metallicity, as old elliptical galax- 
ies cover a similar range in metallicity as lenticular galax- 
ies which exhibit a spread in luminosity-weighted ages, and 
both populations have similar metallicity dispersions. Lin- 
ear fits to red sequence elliptical and lenticular subsamples 
show that the slopes and the normalizations of the sepa- 
rate relationships are consistent with each other within the 
errors. 

Galaxies with ongoing star formation activity and/or 
with late-type morphological types show a different be- 
haviour, however. They tend to have luminosity-weighted 
metallicities lower than those of the red sequence galaxies 
with similar integrated stellar masses. To investigate this 
further, Fig. [7] shows the relationship between the residual 
from the linear least square bisector fit of the stellar mass- 
metallicity relation of the entire galaxy sample as a func- 
tion of (U-K) colour (lower right panel), luminosity- weighted 
ages and morphological type (lower left panel), star forma- 
tion rate (upper right panel), and Ha emission line equiv- 
alent width (upper left panel). Galaxies with disturbed op- 
tical morphologies are marked by large open triangles in 
all panels. Apart from the lower left panel, galaxies with 
luminosity- weighted ages younger than 5 Gyr are shown as 
open circles, older galaxies are displayed as filled circles. 
The star formation rat es were estimated using the Ha flux 
and the calibration of iKennicutt ] l|l99Sft . Fluxes were not 
corrected for either galaxy internal reddening nor from con- 
tamination from [Nil] A6548, 6583 emission line. It can be 
clearly seen that the bulk of galaxies with disturbed mor- 
phologies and ongoing star formation, i.e., blue cloud galax- 
ies, lie below the stellar mass-metallicity relation of the sam- 
ple. No clear trend between the residuals from the stellar 
mass-metallicity and galaxy colour, mean age, emission line 
equivalent width, or star formation rate is apparent, sug- 
gesting none of them is driving alone the scatter around the 
stellar mass-metallicity relation. 

The bulk of blue cloud galaxies in our sample ex- 
hibit disturbed morphologies. The observed tendency of blue 
galaxies in the cluster to be chemically underabundant rel- 
ative to passive old galaxies in the red sequence could re- 
sult from gas inflow induced by tidal interactions and/or 
minor mergers. The star formation activity associated with 
disturbed galaxies indicates that those galaxies still retain 
a substantial amount of gas which may be expected to be 
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Figure 5. The relationship between the luminosity-weighted stel- 
lar age and the stellar mass for our sample with galaxies separated 
by morphological type (upper left panel), Ha emission line equiv- 
alent width and the presence of signs of disturbance (upper right 
panel), and radial distance (lower panel). 



stripped by ram-pressure and/or harassment effect by ex - 
tended exposure to the cluster environment. iMoss I (|2006l ) 
has found for an ensemble cluster formed from eight low- 
redshift clusters, that the majority of the infall galaxy pop- 
ulation are in interacting or merging systems characterized 
by slow gravitational encounters. Merger numerical simu- 
latio ns predict gas inflows to occur in galax y interactions 
fe.g. lMihos fc Hernquist1l996l ; lBarnes II2002I ). Radial abun- 
dance gradients exist in most disk galaxies, such that gas 
phase metallicity decreas es with increas i ng di stance from 
the galactic centre (e.g. IZaritskv et al. 1 1 1994 ). If gas in- 
flows have triggered the star fo rmation events as expected 
fe.g. lBarnes fc Hernquistll 19961 ), then those gas inflows may 
have carried less enriched gas from the outer regions of 
the galaxy, diluting the chemical abundances of the star- 
forming gas, thus lowering the metallicities of young stars. 
The recent numeric al simulations of equal-mass mergers of 
iRupke et al~l (|2010h confirm the hypothesis that merger- 
driven radial inflow of low metallicity gas from the outskirts 
of the interacting galaxies produce a dil ution of nuclear 
abun dances of interacting galaxies (see also Montuori et al. I 
l2010h . The recent observations of iKewlev et al~l i|2010h in- 
dicate indeed that the metallicity gradients for a sam- 
ple of interacting galaxies are systematically shallower 
than for non-interacting galaxies. The interaction-induced 
gas inflow scenario was proposed to explain the offset of 
different classes of interacting/merging galaxies from the 
luminosit y /mass-metalli ci ty re lationshi p of non-interacting 
galaxi es. IKewlev et al. I (|2006i ) and iMichel-Dansac et al. I 
(2008) have shown that the interstellar gas of nearby 
optically-selected close galaxy pairs in the field is under- 
abundant when compared to local star-forming galaxies of 
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Figure 6. The relationship between galaxy luminosity-weighted stellar metallicity and stellar mass for our sample with galaxies separated 
by morphological type (upper left panel), Ha emission line equivalent width and the presence of signs of disturbance (upper right panel), 
luminosity- weighted stellar age (lower left panel), and cluster-centric distance (lower right panel). 



similar luminosities and stellar masses. The offset from the 
gas phase metallicity-luminosity for non-interacting galaxies 
appears to depend on the projected separati on between the 
inter ac ting galaxies a n d the burst strength (|Kewlev et al. I 
2006). iPeeples et al. I (|2009l ) have identified a sample of 
metal-poor high-mass outliers from the local gas-phase 
mass-metallicity relation. These galaxies are found to ex- 
hibit disturbed morphologies, blue colours, and high star 
formation rates for their masses, imply ing that they a re un - 
dergoing tidal interactions. Similarly, iRupke et al. I (|2008l ) 
have found that the interstellar gas of local luminous in- 
frared galaxies is underabundant. The offset in abundance 
from the gas phase oxygen abundance vs. luminosity /mass 
relation is found to correlate with the total infrared luminos- 
ity, with a larger offset for ultra-luminous infrared galaxies 



than for luminous infrared galaxies. The offsets from the 
mass vs. gas phase metallicity relation in optically selected 
mergers is lower than for luminous and ultra-luminous in- 
frared galaxies, suggesting that the offset from the properties 
of non-interacting galaxies depends on the strength and the 
stage of the interaction. The modest offset from the stellar 
mass-metallicity relation we observe for disturbed galaxies 
in the blue cloud sequence of Abell 1367 could reflect a con- 
tinuation of the trends observed for equal-mass mergers to 
lower strength of galaxy interaction. Measuring gas phase 
metallicities of star-forming galaxies in our sample to com- 
pare with those of both morphologically undisturbed star- 
forming galaxies, and strongly disturbed galaxies would test 
this scenario. 
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Figure 7. Difference between the measured stellar metallicity 
and the stellar mass-metallicity relation as a function of the 
luminosity- weighted age (lower left panel). (U-K) colour (lower 
right panel), Ha emission line equivalent width (upper left panel), 
and star formation rate (upper right panel), respectively. 



3.4 Radial dependence of stellar population 
properties 

For a cluster survey, the projected cluster-centric distance 
is a convenient parameter to describe the environment of 
a galaxy, although it may not be entirely free from in- 
troducing potential biases (see lLane et al. 1120071 ). In this 
section, we examine the dependence of stellar population 
properties of the cluster galaxies on the distance of the 
galaxy from the cluster centre, which has been taken to be 
at R.A.(J2000) = ll h 44 m 29.5 s and dec(J2000)=+19°50'2l" . 
We express the cluster-centric radius in terms of the cluster 
Abell radius, taken to be 80 . 

Figure [H] shows the relationship between the cluster- 
centric radial distance, normalised to the Abell radius of 
the cluster, and the integrated stellar mass (left panel), 
the luminosity- weighted stellar metallicity (middle panel), 
and the residuals from the bisector fit of the stellar mass- 
metallicity relations (right panel). Galaxies in the sample 
are separated between those in the red sequence, shown as 
filled circles, and those in the blue cloud, shown as open 
circles. Galaxies that show signs of the presence of morpho- 
logical disturbance are flagged with large open triangles. The 
residuals for each subsample are estimated using the linear 
least square bisector fit to the mass-metallicity relation of 
the subsample. In each panel, the solid line shows the best 
linear fit for red sequence galaxies, while the dashed line 
shows the fit to galaxies in the blue cloud. All galaxies are 
assigned equal weight in the fits, since the scatter is primar- 
ily intrinsic and the measurement errors similar for the bulk 
of the points. The slopes and the associated errors of the fit 



to the cluster-centric radial gradients are indicated for both 
subsamples. 

As expected, more massive red sequence galaxies lie 
preferentially in the core of the cluster. As red sequence 
galaxies exhibit a clear mass-metallicity relation, a strong 
negative luminosity-weighted metallicity gradient as a func- 
tion of the cluster-centric distance is present. The metallicity 
residuals for these galaxies do not show however a statisti- 
cally significant correlation with the cluster-centric galaxy 
distance. Because the stellar populations of the cluster red 
sequence galaxies follow scaling relations with stellar mass, 
the residuals from these relations are comparing the inner 
and outer galaxy population at fixed stellar mass. On aver- 
age, red sequence galaxies at 40 per cent of the Abell radius 
of the cluster are ~ 0.49 ± 0.28 dex poorer than galaxies 
of similar stellar masses in the cluster core. Similarly, blue 
cloud galaxies show a negative stellar mass gradient, how- 
ever the luminosity-weighted metallicity shows no signifi- 
cant correlation with the cluster-centric radius. The resid- 
uals from the luminosity-weighted metallicity-mass relation 
of star-forming galaxies show no statistically significant cor- 
relation with the projected distance from the cluster cen- 
tre. The lack of a negative correlation for the star form- 
ing galaxies could be caused by enhanced star formation, 
leading to lower luminosity-weighted metallicities (see sec- 
tion 13.31 above) in higher density region s of the cluster as 
compared with lower d ensity regions (see lMoss et al. Ill998l ; 
iMoss fc Whittle Il2000l ). Alternatively, given the small size 
of the our sample, projection effects could cause a dilution 
of the expected gradients, although such dilution effects are 
expected to be small in the s ampled region within half the 
Abell radii (|Moss et al. Ill998l ). 

Finally, neither red sequence galaxies nor star-forming 
galaxies show cluster-centric radial gradients for the residual 
from the relationship between luminosity-weighted age and 
stellar mass, over the radial range covered by the sample 
galaxies. 

Ellipticals and lenticulars populating the red sequence 
do appear to be dominated by different stellar populations 
(see Fig. [3]and[5J), suggesting that they might have expe- 
rienced different assembly histories. It is legitimate then to 
check how their stellar population properties taken sepa- 
rately change radially within the cluster. Figure [5] shows 
the relationships between the cluster-centric distance nor- 
malized to the Abell radius of the cluster and the residuals 
from the stellar mass-metallicity relations (the upper panel) 
and the stellar mass-age relations (the lower panel) for el- 
lipticals and lenticulars in the red sequence shown as open 
and filled circles respectively. The fits to the stellar mass vs. 
metallicity /age relations are done separately for elliptical 
and lenticular subsamples. The slopes and their associated 
errors of the best linear fits to the relations between the 
residuals and the normalized cluster-centric radial distance 
are indicated. No statistically significant trends are found 
between the residuals from the mass-metallicity/mass-age 
relations and the cluster-centric galaxy distance for neither 
red sequence ellipticals nor lenticulars. This indicates that 
no significant differences in the mean luminosity-weighted 
metallicities and ages are present, at a fixed stellar mass, be- 
tween the red sequence galaxy sub-populations distributed 
within the 40 per cent of the Abell radius of the cluster cov- 
ered by our survey. The lack of age differences between red 
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Table 1. Properties of our sample of Abell 1367 galaxies 
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Figure 8. Stellar mass, stellar metallicity, and residual from the stellar mass-metallicity relation as a function of the normalised projected 
radius for our sample of galaxies. In each panel, the solid line represents the least square bisector fit to the sub-sample of red sequence 
galaxies shown as filled circles, and the dashed line represents the fit to the sub-sample of blue cloud galaxies shown as open circles. 
Galaxies which display signs of morphological disturbances are flagged with large triangles. 



Table 1. Properties of our sample of Abell 1367 galaxies (continued). 



SDSS-ID 


Type 


Dis. 


(B-K) 




(J-K) 




log (M/M ) 


[Fe/H] 


Age (Gyr) 


J114447.03+200730.3 


Sbc 


y 


3.79 ± 


0.01 


0.87 


± 


0.01 


10.85 ± 0.05 


13 ± 3 


-0.5 ± 0.05 


J114447.28+201247.4 


SO 


n 


3.29 ± 


0.03 


0.66 


± 


0.04 


8.51 ± 0.06 


13 ± 2 
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SO 


n 


3.99 ± 


0.01 


0.94 


± 
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Sc 
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2.81 ± 
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± 
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SBO/a 
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± 


0.26 








J114452.40+201117.0 


Irr 


n 


2.68 ± 


0.03 


0.78 


± 


0.03 


8.37 ± 0.05 


2.2 ± 0.5 


-0.8 ± 0.35 



sequence galaxies at different locations in the cluster could 
be a genuine property of the red galaxy population of the 
cluster, but it could alternatively be caused by the low sen- 
sitivity of broad-band colours to small age variation for old 
stellar populations. Extending the spatial coverage of the 
cluster is needed however to investigate firmly the differ- 
ences between galaxy sub-populations of the red sequence. 

Figure \W\ shows the relationship between the 
luminosity-weighted ages and metallicities for the galaxies 
in our sample, separated by morphological type shown in 
the lower left panel, equivalent width of Ha emission line 
shown in the lower right panel, and integrated stellar mass 
shown in the upper panel. Cluster galaxies divide clearly 
into multiple populations by metallicity and age. The first 
population is the classic old red sequence galaxies, with 
ages older than 10-13 Gyr, with predominantly early-type 
morphologies, and mean metallicities covering a wide range 
from ~ 10 per cent solar to slightly super-solar. The sec- 
ond group of cluster galaxies, dominated by red sequence 
lenticular galaxies, covers a similar metallicity range to the 
first group, but is younger with luminosity- weighted ages 
ranging between 5 and 10 Gyr. The third group of cluster 
members contains the younger galaxies populating the blue 
cloud in the colour-magnitude diagrams, with luminosity- 
weighted metallicities extending to lower values than those 
typical for galaxies in the first two groups. Although galaxy 



luminosity-weighted metallicity is correlated with galaxy 
mass, it is uncorrel ated with lum i nosity -weighted age for the 
three populations. iRokas et al. I j2008) have used narrow- 
ban d colours combined with principal component analy- 
sis l|Rakos fc Schombert I [20051 ) to estimate the luminosity- 
weighted stellar metallicities and ages for galaxies in a sam- 
ple of nearby galaxy clusters. They have found cluster early- 
type galaxies to be divided into two distinct populations, an 
old galaxy population dominated by primordial stellar pop- 
ulations and a second younger galaxy population, well sepa- 
rated by a gap in age of about 2 Gyr from the oldest galax- 
ies, in agreement with our findings. The third population 
of cluster galaxies we have identified here is not detected 
in their analysis, as their technique fails to determine the 
luminosity-weighted properties for stellar populations dom- 
inated by stars younger than ~ 3 Gyr. In addition, galaxies 
with ongoing star formation or those suspected to have large 
fractions of young stars identified by their colours and/or 
stro ng emission lines we re not included in their analysis (see 
also IRokas et al.~ll2007l ). In their sample of nearby galaxy 
clusters, the populations of bright blue galaxies and faint 
starburst galax ies are not as populated as in the c ase of 
Abell 1367 (see lOdell et"al~1l2002i ; IRokas et al. Ill996h . 
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Figure 9. Residuals from the stellar mass-metallicity relation as 
a function of the normalised projected radius for red sequence 
ellipticals and SOs respectively. 



4 DISCUSSION 

A number of studies have analysed absorption line-strength 
indices of cluster galaxies, and claimed the detection of vari- 
ation o f galaxy proper t ies as a function of cluster-centric 
radius. iGuzman et al. I (jl992h reported a positive offset of 
the zero-point of the relationship between Mg2 index and 
galaxy velocity dispersion for massive elliptical galaxies be- 
tween the core and the outskirts of the Coma cluster. At 
a fixed velocity dispersion, the Mg2 line strength is w eaker 
at larger cluster-centric radius. ICarter et al. I {2002) have 
used a sample of Coma cluster galaxies extending out to 
the virial radius, without morphological or colour selection 
and distributed over a luminosity range similar to galax- 
ies in our sample, to report a significant radial decrease in 
the Mg2 index, and an increase of the H/3 index. Carter et 
al. have attributed the observed radial trends to change in 
metal abundance at fixed stellar mass between the core and 
the outskirts of the clus ter. 

Smith et al. I l)200ct l. in a study of 75 red-sequence dwarf 
galaxies in the Coma cluster, find that the variations in line 
strength indices are driven by variations in age and in iron 
abundance, with a-element abundances being independent 
of radius. Dwarf galaxies in the outer regions of the Coma 
cluster are on average younger and more iron-enriched than 
those in the core, at a given luminosity. These results must 
be treated with caution however, as both of the Coma stud- 
ies discussed above observed the same, possibly atypical, 
outer region of the cluster to the southern-west of the core. 

Using a sample of ~ 3000 red sequence g alaxies domi- 
nated by L t galaxies in ~ 90 nearby clusters, ISmith et al. I 
(2006) found strong evidence for stronger Balmer lines and 
weaker light-element features, at fixed mass, but no radial 
dependence for iron-dominated indices over a range from the 



cluster centre to the virial radius. The radial gradients de- 
tected for the synthetic cluster formed by stacking galaxies 
in all clusters in their sample, are significantly shallower than 
those found for the Coma cluster, with different r elativ e pat- 
terns for different spectral indices. ISmith et al. I (120061 ) have 
argued that the observed cluster-centric radial gradients are 
better explained by a change in the mean age of the domi- 
nant stellar populations rather than in metallicity between 
galaxies in the cores and the outskirts of clusters. Red se- 
quence galaxies at the virial radius have on average younger 
ages than galaxies of the same velocit y dispersion situated 
near the cluster centres. More recently, iRokas et al. I (|2007t ) 
estimated the cluster-centric radial metallicity gradients for 
a sample of passive, red galaxies in Abell 1185 cluster. They 
have found a significant cluster-centric metallicity gradient, 
with mean metallicities decreasing by ~ 0.2 dex within 40 
per cent of the Abell radius of the cluster. 

Our analysis shows that the average luminosity- 
weighted properties of Abell 1367 red sequence galaxies do 
not show a significant change, at fixed stellar mass, with 
the location within the cluster over a radial distance rang- 
ing from the cluster centre to a radius of approximately half 
the cluster Abell radius. The complex structure and dynam- 
ics of Abell 1367 could lead however to concerns about the 
extent to which the region covered by our survey is rep- 
resentative of th e entire galaxy pop ulation of the cluster. 
In contrast with ISmith et al. I l|2006h , the red sequence el- 
lipticals in the core of Abell 1367 appear to be of similar 
average luminosity-weighted ages than those in the outer 
regions of the cluster. To account for the observed gradients 
in s tar formation rate me asured for the CNOC cluster sam- 
ple, iBalogh et al.l {2000) have proposed a model in which 
star-forming galaxies fall into rich clusters and their star 
formation is gradually quenched by ram pressure and tidal 
stripping, removing their gas over a few Gyr. This mech- 
anism would be expected to le ad to a radial age grad ient. 
In the semi-analytical models of lDe Lucia et al. I (|2006l ). the 
mean luminosity-weighted age of bulge-dominated galaxies 
falls from ~ 12 Gyr at the cluster centres to ~ 10.5 Gyr at 
the virial radius. Some of this effect is due to mass segre- 
gation however, as more massive galaxies are preferentially 
located at the core of the cluster. The restricted range of 
cluster-centric radial distance covered by our survey, i.e., out 
to approximately 40 per cent of the virial radius of the clus- 
ter, combined with the low sensitivity of broad-band colours 
to age variation for old stellar populations, projection ef- 
fects, and the size of the sample means we cannot rule out 
the presence of a radial age gradient. A comprehensive an- 
swer to these concerns should result from an extension of 
our survey out to the cluster infall region to test if galaxies 
in other parts of Abell 1367 display similar radial trends. 



5 SUMMARY 

Using deep optical/near-IR broad-band and narrow-band 
imaging data, we investigate the stellar population prop- 
erties for a sample of Abell 1367 galaxies with spectro- 
scopically determined memberships and visual morpholog- 
ical classifications. Our survey samples galaxies with inte- 
grated stellar masses ranging from a few 10 8 Mq up to a few 
10 11 Mq. We compare the optical/infrared colours of galax- 



14 Mouhcine et al. 



>log(M/M s )S9 
»9<log(M/M o )S10 

]Q alog(M/M Q )>10 




-2 -1 

[Fe/H] 



Figure 10. The relationship between the luminosity-weighted 
stellar mctallicity and age for our sample with galaxies separated 
by morphological type (lower left panel) , Ho emission line equiva- 
lent width and the presence of signs of morphological disturbance 
(lower right panel), and stellar mass (upper panel). 



ics in our sample with the predictions of simple stellar pop- 
ulation models, spanning a range in metallicity and age, to 
determine the luminosity-weighted parameters of their stel- 
lar contents. The colours of galaxies morphologically classi- 
fied as ellipticals are well described by a sequence of varying 
metallicity for the stellar population at a constant old age. 
In contrast, lenticulars along the red sequence show a large 
spread in their optical/near-IR colours, indicating a spread 
in the ages and the metallicities of their dominant stellar 
components. 

The stellar population parameters of the cluster galax- 
ies show systematic trends as a function of galaxy stellar 
mass. We find that the luminosity-weighted properties of 
galaxy stellar contents correlate with stellar mass in the 
sense that less massive galaxies are dominated by stellar 
populations of younger ages and lower stellar metallicities 
than their massive counterparts. There is however a seg- 
regation in the stellar metallicity between quiescent and 
star forming galaxies. Most of the galaxies which show 
signs morphological disturbance and have ongoing star for- 
mation activity, lie systematically below the stellar mass- 
metallicity relation defined by galaxies populating the red 
sequence. The low luminosity-weigthed stellar metallicities 
of disturbed galaxies could be attributed to tidally-driven 
gas inflows from the galaxy outskirts which dilute the star- 
forming gas, leading to less chemically evolved young stars. 

We have investigated the cluster-centric radial depen- 
dence of the properties of the stellar contents of galaxies. 
After allowing for the mass dependence of the stellar popula- 
tion properties, we find that the luminosity-weighted proper- 
ties are not correlated to the cluster-centric radius for galax- 
ies in both the red sequence and the blue cloud, over the 



radial distance covered by the sample galaxies, i.e., from the 
cluster centre to approximately half the cluster Abell radius. 

The cluster red sequence galaxies are found to be di- 
vided into two distinct populations. The first is a subpop- 
ulation of elliptical galaxies with uniformly old stellar pop- 
ulations with average ages similar to the age of the Uni- 
verse. The second sub-population is comprised of red se- 
quence lenticulars with younger ages, for which an age-mass 
relation is present. None of these two galaxy sub-populations 
of the red sequence show neither metallicity nor age cluster- 
centric gradients, over the radial distance covered by the 
survey. The third cluster subpopulation is that of galaxies 
where star formation is still ongoing and which are morpho- 
logically disturbed. 
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